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APPENDI X B
DESI GN CALCULATI ONS

. 1 NTRODUCTI ON

Thi s appendi x presents a description of the general types of
calculations that may be required for filter applications. Based
on the specific wastewater conditions, additional calculations
may be required. Design exanples illustrating the use of several
of these calculations are presented in Appendi x C

1. PURPCSE

The primary purpose of the filter design calculations is to
provi de design criteria for sizing equipnents for editing guide
specifications and devel opi ng constructi on drawi ngs. Based on
the prelimnary selection of equipnent, additional calculations
can al so be perforned to determ ne paraneters such as utility
requi renments, and supporting nmechanical and el ectrical
requirenments

I11. DESIGN BASI S AND SOURCES

Several types of data sources can be used for the basis of the
design cal cul ations. Typical data sources include preengi neering
reports and treatability studies, standard reference material s,
and ot her sources such as tel ephone conversations with

manuf acturers. Any source of data or basis used for the design
cal cul ations should be identified and referenced appropriately in
t he design anal ysis.

A. Pre-engineering Design and Treatability Studies

Pre-engi neering design are typically used as the basis of
the design calculations. For HTWapplications where package
filters will be used, treatability studies may not be practicable
or necessary. Each data source used should be clearly identified
wi thin the design calculation and properly referenced with the
date, title, or other pertinent information that will identify
the data source and its validity.

B. Reference Materials

Data and information fromreference materials, other than
data from pre-engineering reports and treatability studies, can
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al so be used for filter design calculations. Reference materials
consi st of applicable codes, standards, textbooks, standard

tabl es, and manufacturer's catal ogs and exanpl es of
manufacturer's literature. Since the ETL focuses on package unit
applications, manufacturer's catalogs and literature wll provide
i nval uabl e assi stance. Each reference source used should be
properly referenced with the date, title, issue, or other perti-
nent information to assure conplete identification.

C. Tel ephone Conversation Records

In addition to reference and design data fromthe design anal ysis
report, tel ephone conversations to equi pnent suppliers and

manuf acturers and regul atory agencies may al so be used for the
desi gn cal cul ati ons.

| V. PRESSURE FI LTERS

Pressure filters operate with lower filtration rates than
gravity filters. Pressure filters can operate on filtration
| oading rates of 400 L/(mn n¥) (10 gpmft2), and term nal head
| osses of up to 10 m (30 ft) w thout solids breakthrough.
Pressure filters are especially preferred over gravity filters
when limted capital resources and space constraints exist for a
facility. There is also the advantage of longer filter runs and
| essened backwash requirenents. Pressure filters, however
require nore energy to be run and are nore el aborate than gravity
filters.

Mul tiple pressure filter units are used to permt continuous
operation during backwashi ng or mai ntenance of another unit. The
nunber of units nust be sufficient to avoid excessive backwash
flow and to properly accommodate flow. The total filter surface
area i s defined as:

Filter Area [ft2, n?) = plant flow [gpm L/ mn)

filter rate [gpmft2, LI (mn n?)]

The total filter area required may then be used to determ ne
the filter bed size. Using standard manufacturer filter bed
widths, the filter length may be determ ned by:

. i 2
Filter Lengin (11, Lol ced area 14 1D
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This total |length should be divided where nultiple units are
desi red.

Filtered effluent is used in backwashing pressure filters.
As such, the mnimuminfluent is limted to the backwash fl ow
rates required during the cleaning cycle. The m ni numinfl uent
fl ow must exceed the backwash flow rate so sufficient effluent
wi |l be avail able for backwashing. Backwash flow rates are
determ ned by the manufacturer.

Solids loading is determ ned by the equation:

Sol ids Loading [lbs/ft? day] =
0.01199 x Flow Rate [gpm ft?] x Suspended Solids [ng/l]

Sol i ds Loadi ng [ kg/ (nfd)]
1.44 x Flow Rate [L/(mn n¥)] x Suspended Solids [ng/L]

Backwash frequency will depend on the types of solids, the solids
| oading rate, the filter length and the acceptabl e head | oss.

Sizing Filter Piping and Fl unes

Each filter within a system should have the capability of operat-
ing separately formother filter units. Typical operation of a
filter includes piping and valves for influent, effluent, washwa-
ter supply, washwater drain, surface wash and filter-to-waste
lines. The influent to the filter bed should not agitate the
surface of the nmediumin any way. This may include:

@ an initial gullet which disperses the velocity head,
e athrottling control on the influent val ve,
® a series of distribution troughs and spl ash pl at es.

The effluent washwater supply and filter-to-waste piping is
usual |y mani fol ded for a common connection with the filter
underdrain system Piping, conduits, gates, and valves are
usual |y designed for the velocities and flows shown in Table 1
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Table B-1
DESI GN VELOCI TI ES AND FLOW VOLUMES
Maximum flow Maximum flow
per unit of per unit of
Flow Descrip- | Velocity, filter area, filter area,
tion fps gpm/ft? m/hr*
Influent 1-4 3-8 7.4 - 19.6
Effluent 3-6 3-8 7.4 - 19.6
Washwater 5-10 15-25 36.8 - 61.3
supply
Washwater 3-8 15-25 36.8 - 61.3
drain
Filter-to- 6-12 1-6 2.5 - 14.7
waste
Ref: Design of. Municipal Wi T ent Plants, Volume 2: Chapters 13-20; WEF Manual of Practice No. 8, ASCE Manual and Report on

Engincering Practice No. 76, Water Environment Federation and American Society of Civil Engincers, 1992.
* m/hr x 16.65 = L/(min ' m®)

Usi ng a given hydraulic design flow of the system the maxi mum
fl ow of the system may be determ ned as:

Maxi mum Fl ow [ gpm L/ m n] =
hydraulic design flow L/(mn n¥) x filter area

- Influent Piping and Val ve
The area of the influent pipe should be determ ned using the

above maxi mum flow and a given design velocity (i.e., 0.5
m sec or 2 fps):

Required Influent Pipe Area [ft?,m?] =

maximum flow|[gpm, L/min]
design influent velocity [fps, m/s]

. - fs s m3/s
conversion factor [2.28x1073 ££5  1.67x10°5 .
[ gpm L7m1n]
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A required pipe dianeter is chosen such that the dianeter
provides for a velocity within the optinuminfluent design
velocity of 0.3 —1.2 ms (1 —4 fps) (see Table 1) at the
above maxi mum f 1l ow.

- Backwash Supply Pi ping and Val ves

Usi ng the given design maxi mum hydraulic washwater rate for
the systemand the given filter area, the maxi mum backwash
fl ow may be determ ned as:

Backwash Velocity =
design max. washwater rate x filter area X conversion factor

L/min ]

449 9P 60,000
[ cfs ' m?/sec

The requi red backwash pipe area is determ ned by the nmaxi mum
backwash flow and a given design velocity (i.e., 1.2 nmis or
4 fps):

max. washwater flow [gpm, L/min]

. X
design velocity [fps, m/s]

Required Backwash Pipe Area =

m3/s]

, -3 cfs -5
conversion factor ({228 x10 _—gpm ,1.67 x10 T/min

Simlar to the influent line, the required backwash pipe
di aneter is chosen by using a pipe dianeter that provides a
backwash velocity |l ess than the given design velocity at the

above maxi mum backwash flow, while still being within the
opti mum washwat er supply range of 1.5 - 3.0 m's (5-10 fps)
(Table 1).

- Effluent Piping and Val ve

The effluent pipe required area, using the above maxi mum
flow and a given design effluent velocity (i.e., 1.2 msec
or 4 fps), is determ ned by:
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maximum flow x
design effluent velocity

Required Effluent Pipe Area =

3
conversion factor [2.228 x 1073 %‘i , 1.67 x107° _£n_/_s]

L/min

r the

The required diameter is determ ned by providing fo
s (3—6 fps)

optimum effluent velocity range of 0.9 —1.8 m
(Table 1).

It is inportant to note that while the effluent maxi num fl ow
is the sane as the influent maxi mumflow, the effluent
velocity may be different. The effluent velocity usually
exceeds the influent velocity.

- Filter-to-waste (FTW Piping and Val ve

The filter-to-waste (FTW piping should be determ ned using
t he maxi mnum system fl ow and a gi ven design FTWvelocity
(i.e., 2.7 msec or 9 fps):

maximum f1ow

Required FTW Pipe Area = ; -
qu P design FTW velocity

.3 Ccfs

3
conversion factor [2.228x10 o’ 1.67x107° m_/_s_]

L/min

The required dianmeter is determ ned by providing for the
optimum FTWvelocity range of 1.8 - 3.6 mls (6-12 fps)
(Table B-1).

V. TRAVELLI NG BRI DGE FI LTERS

Cenerally the filter is sized based on a suggested average
and peak hydraulic | oading. Typically, manufacturers have
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suggested hydraulic |l oading rates of between 4.9 L/(mn n¥) (2
gpm ft?) and 12.3 L/(mn n¥) (5 gpm ft?). Increased hydraulic
loading will result in increased head | oss, possibility of solids
penetrati on and breakthrough, rate of head |oss increase, and
possibility of surface blinding. If high peak flows in relation
to average flow are expected or if peak flows are frequent, peak
fl ow size should govern. The total filter surface area is given
as:

plant flow [gpm, L/min]
filter rate [gpm/ft?, L/ (min' m?)]

Filter Area [ft?,m?] =

Once the total filtration area required has been defi ned,
the exact size of the filter bed can be determ ned. Manufact ure-
r*s will have standard bed widths. The filter length will be
determ ned by:

required area [ft?, m?]
standard width [ft, m]

Filter Length [ft, m]=

Where nultiple units are desired, the total |ength should be
di vi ded between the desired nunber of filter units.

Since the filtered effluent is used for backwash, m ninmm
influent is limted by the backwash flow rates required during
the cleaning cycle. The m nimuminfluent flow nust exceed the
backwash flow rate so sufficient effluent will be available for
backwashi ng. Backwash flow rates are determ ned by the
manuf act urer based on bed si ze.

Solids | oadi ng should al so be considered in sizing the
filter. This can be neasured in solids |oading which is expressed
in lbs/ft? day. Solids |loading is determ ned as foll ows:

Solids Loading [|bs/ft? day] =

0.01199 x Flow Rate [gpm ft?] x Suspended Solids [ng/L]
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Sol i ds Loadi ng [ kg/ nt/ day] =
1.44 x Flow Rate L/(mn n¥) x Suspended Solids [ng/L]

Figure 1 is a sanple curve of head | oss increase versus influent
solids loading rate for both dual and single nedia filters.
Typically designs with |oading rates greater than kg/(nf d) (1.0
| bs/ft?/ day) should be approached wi th caution.

Frequency of backwash will be dependent on the type of
solids, solids loading rate, filter length and acceptabl e head
| oss. Frequency of backwash is calculated using Figure 1. The
i ncreased head | oss may be determ ned fromthe solids | oading
rate. The tinme required to reach term nal head nmay be determ ned
by dividing the operating head by the rate of increased head
loss. The tine required for the carriage to transverse the filter
during the backwash cycle is available fromthe manufacturer. The
total tine required fromconpl etion of one backwash cycle to the
conpl etion of the next backwash cycle is the sumof the
traversing tinme and the tine required to reach term nal head.
Dividing 24 hours by the total tinme will provide the nunber of
backwash cycl es per day.

The percent of backwash water required per day is determ ned
by:

Backwash Water Required [gal, L] =

Backwashes
day

Backwash Flowrate [gpm, L/min] x TraversingTime [min] x

The total throughput is then cal cul ated by:
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Throughput[gal,L]=FilterArea[ftzﬂnﬂ.xFiowRate[fps,L/min]x

gal 44500 -L
ft3 m?

conversion factor [7.48

Percent backwash is the backwash water required divided by the
total throughput. Backwash water requirenments bel ow 2—4% are
common (Infilco Degrenont, Inc.). The requirenents are incorpo-
rated into design as hydraulic | oading.

VI . CONTI NUOUS BACKWASH FI LTERS

Since all continuous backwash filters are proprietary
systens, relatively little flexibility is available in selecting
the unit once a single manufacturer has been chosen. Simlar to
t he approach for sizing a travelling bridge filter, the manufac-
turer will determne filter size based on flow rate and hydraulic
| oadi ng. Hydraulic |loading rates may vary between 80-500 L/(mn
nt) (2-12 gpm ft?), with a typical rate of 200 L/(mn nt) (5
gpm ft?). The attached applications guideline table gives
acceptable |loading rates for particular water treatnent
applications. The manufacturer can provide further guidance on
acceptabl e hydraulic loading rates for an influent streamw th a
gi ven total suspended solids concentration and solids size and
density. Using the plant flow and the hydraulic | oading, the
filter area is determ ned as:

plant flow [gpm, L/min]
hydraulic loading [gpm/ft?, L/ (min-m?)]

Filter Area [ft?, m?] =

Once the required filter area is determned, the filter may
be selected. The attached sanple application table show typical
si zes avail able and the requirements for tank size, reject
percentage, air flow and nedia for the appropriate filter.

VI1. CARTRI DGE AND BAG FI LTERS
Summari zed below is a general approach to designing car-
tridge and bag filters. The design approach assunes that car-

tridge or bag filtration has already been selected as the filtra-
tion nmethod of choice. Many of the steps involved in selecting
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cartridge or bag filters and the hardware for housing the filters
is the sane. Were there are differences it will be noted in the
text. Al supplier bulletins referenced in the text are at the
end of this section.

The first step in selecting a cartridge or bag filter is to
identify the contam nants present in the waste streamto be
filtered and identify filter materials of construction which are
conpati ble. This is done by conparing the waste stream conponents
to vendor conpatibility charts. One page of a chem cal conpati -
bility chart with pol ypropylene cartridge filters, published by a
vendor can be seen in the design exanple in Appendix C. The
filter conmponents that need to be checked for conpatibility is
the filter nedia, support core and/or outer cage and O-+fings to
be used. Several materials of construction may be suitable.
Alternatively, sonme vendors suggest conducting your own chem ca
resistance test by follow ng the procedure outline bel ow

® |mrerse a cartridge or bag filter of the desired mcron
rating in the fluid to be treated and at the desired
operating tenperature for at |east 48 hours.

e Examine the cartridge for any change in col or,
structural integrity, swelling, softening, deformation
or any ot her physical changes.

® (serve the solution to see if any chem cal reaction has
t aken pl ace. Check for changes in color, clarity,
vi scosity, etc.

e |f there has been no perceptible change in the cartridge
or solution, then the filter may be considered for use.

Havi ng sel ected the material of construction check which
materials can operate in the tenperature range of the waste
streamto be treated. Sonme materials of construction can only
operate at tenperatures up to 70°C (160°F) while other nmaterials
can operated at tenperatures up to 300°C (600°F).

Based on influent suspended solids and particle size data
select the mcron rating for the filter to neet desired effluent
suspended solids and particle size criteria. Note that the
smaller the mcron rating the lower the solids holding capacity
of the filter. For exanple, a wound cotton cartridge filtering a
liquid with 1 ppmsolids feed rate would have the foll ow ng
hol di ng capacities at various mcron ratings.

M cron Rating Solid Hol di ng Capacity

B-12
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m croneters grans per unit filter
1 15
5 35
10 60
20 100

The above data was generated at a 10 L/mn (2.5 gallon per
mnute) flowate on a 250 mm (10 inch) filter and failed at a
maxi mum pressure differential of 240,000 Pa (35 psi). See

“Chem cal Engi neering”, January 18, 1988 for additional
information on selecting cartridge filters. Actual solids hol ding
capacity should be checked under process conditions since many
filter manufacturers rate the solids holding capacity under
controlled | aboratory conditions and actual solids hol ding
capacity can vary significantly.

The fluid viscosity at the operating tenperature should be
determned. If the systemw || be operating under varying condi -
tions then the tenperature which gives the highest viscosity in
centi poi se nust be known.

At this stage of design the following filter selection criteria
have been identified:

e Mterials of construction for the filter based on waste
stream conpati bility and maxi num operating tenperature.

© Mcroneter rating of the filter based on influent
conditions and desired effluent quality. Typically this
information is provided in vendor literature.

e Solids holding capacity of the filter from vendor
literature or bench/pilot testing of the process stream

e Maximumviscosity of the fluid to be treated.

The designer can now use vendor application literature to deter-
m ne the nunber of filters required for design flowate. A copy
of the Vendor A Polypro pleated type cartridge filter bulletinis
provided in the design exanple. Based on the systemflow the

desi gner must next select a flowrate in gpmunit filter. The
designer needs to confirmfromthe filter supplier or their
specification bulletin what the maximumflowate per unit filter
or flowate per square foot of filter area is. In the case of
this exanple the supplier would need to be contacted. To deter-

m ne the nunber of filters required the foll ow ng equation can be
used:

B- 13
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System Flowrate
Flowrate Per Unit Filter

The nunber of filters used can be altered by using filters with
| engths greater than 10 inches. There are standard cartridge
filter lengths up to 1 m (40 inches).

To determ ne the pressure drop per filter use the Water Fl ow
Rate/Differential Pressure curves as shown in the Vendor A
bulletin in the design exanple. Each supplier nmust be consulted
to determ ne how they account for fluid viscosities greater than
1 centipoi se (one centipoise being clean water at standard
tenperature and pressure). An exanple of how Gsnonics accounts
for changes in viscosity for their Hytrex filter line is provided
as an attachnent. For this exanple Vendor A uses a maxi num
flowate of 20 L/ m n/ 250 mm (5 gpm 10 i nch) length of cartridge
to account for fluids of any viscosity.

Having identified the nunber of cartridges the system housing
needs to be selected. As with the filter the materials of con-
struction should be chosen based on conpatibility with the waste
stream being treated including chem cal conpatibility, tenpera-
ture and operating pressure. The internal conponents of the
housi ng need to be selected so that they are conpatible cartridge
ring configurations. An EXCEL bulletin on nultiple cartridge
housings is provided in the design exanple. The follow ng housing
conponents need to be specified by the designer.

Ring Cartridge configuration

Material s of construction

Nunber of and length of filter el enments per housing
Inlet/Qutlet styles, side in/side out, side in/bottom out

Nunber length of filter elenments per housing is not only deter-
m ned by the nunber and length of filters determ ned by design
but it is also based on standard housing configurations fromthe
supplier. For exanple, the systemnmay require the use of 20-500
mm (20-20 inch) filters but the suppliers standard housi ng may be
designed for 24-500 mm (24—=20 inch) filters. In this case the
four extra filters will inprove performance. If the suppliers

st andard housi ngs accommodate sone nunber of filters |ess than
the design quantity, then the designer should consider the inpact
on performance due to increased hydraulic and solids | oadings or
paral l el operation of smaller housings.

Inlet and outlet style selection is based on how the filter
housing is to be piped into the rest of the system and not
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necessarily on system hydraulics. Itens such as inlet and outl et
connections are often preselected by the supplier based on the
maxi mum fl ow ratings per filter system

To determ ne approxinmate run tinme between filter changes use the
foll ow ng equation

Run Time (days] =

Solids Loading, 250 mm filter x Number of 250 mm Filters
Feed Suspended Solids Concentratrion x 1440 min/day

VIT1. SUPPORT FACI LI TY REQUI REMENTS

Based on the initial selection of equipment, utility re-
quirenents for ventilation, power, water, air, telephone, and
other utilities can be determ ned. Although sone of these
cal cul ations may be determined as requirenents for the entire
treatnent facility, increnmental calculations may be required that
apply specifically to equipnment or facilities required for the
filter operation. CGenerally, for the package systens addressed,

t he manufacturer will supply required information.

In addition to utility requirenments, additional design and
calculations related to architectural and structural conponents
will be required. These types of cal culations are application
specific, and therefore no specific calcul ations are provided.

B- 15



